Abstract: Sepsis is a systemic inflammatory response caused by infection and a critical illness in pediatrics. This disease is the leading cause of death in infants and children worldwide. An early, appropriate, and adequate anti-infective treatment can effectively prevent disease progression and improve the survival rate of children. However, antimicrobial drug abuse, increased drug-resistant bacteria, and lack of epidemiological data have hampered the effective and rational anti-infective treatment of patients with sepsis and enhancement of the success rate of rescue, especially for children. This article briefly reviews the recent advances in anti-infective treatment for sepsis in children at home and abroad based on sepsis definition, pathogen distribution and drug resistance, infection source control, and rational anti-infection. The results provide a foundation for clinical treatment of sepsis.
can progress to severe sepsis (suspected or confirmed focus-induced acute organ dysfunction) and septic shock (severe sepsis accompanied by persistent hypotension and has no effect on fluid resuscitation) [6] . At present, the imbalance of proinflammatory/anti-inflammatory factors is the most important pathogenesis of sepsis. Sepsis treatment includes initial resuscitation, anti-infection, fluid resuscitation, and administration of vasoactive drugs and hormones [7] .
Distribution of pathogens
Age and immune status have a strong influence on pathogenic bacteria. Bacteria, fungi, viruses, and parasites can cause systemic inflammatory response syndrome, severe sepsis, and septic shock. Bacterial infection is the main cause of sepsis, with Gram-negative (G-) bacteria predominant before the 1980s, and the infection rate of Gram-positive (G+) bacteria gradually increased. The rates of G-and G+ infections were comparable by the middle of the 1980s. To date, infections caused by G+ bacteria (60%-70%) tend to exceed than those by G-bacteria (28%-40%) [8, 9] . Neonatal pathogens are dominated by Staphylococcus (~60%), and coagulase-negative staphylococci is the most frequent pathogen (sequentially Staphylococcus epidermidis, Staphylococcus haemolyticus, and human Staphylococcus), followed by Klebsiella pneumoniae, Escherichia coli, and Acinetobacter baumannii [8] [9] [10] [11] . For older children, coagulase-negative staphylococci ranks first, and except for the common neonatal pathogens, infections by Staphylococcus aureus, Enterococci, Salmonella, and Streptococcus show an increasing trend [12] [13] [14] .
Pathogen resistance
At present, G+ and G-bacteria have poor sensitivity to ampicillin, tetracycline, and sulfamethoxazole, but G-bacteria are more sensitive to gentamicin and third-generation cephalosporins [9] . With the development of neonatal intensive care unit, mechanically assisted ventilation, long-term arteriovenous catheterization, and widespread use of broad-spectrum antibacterial agents, the infections caused by conditional pathogens (e.g. S. epidermidis and Klebsiella spp.) and drug-resistant bacteria have increased significantly, and the resistance to most commonly used antibacterial agents is severe. These infections exhibit multiple drug resistance [15] . We showed that coagulase-negative staphylococci are generally resistant to penicillin, ampicillin, oxacillin, and erythromycin but are more sensitive to vancomycin, linezolid, and teicoplanin [14, 16] . The resistance rates of Klebsiella in Asia to ampicillin and cephalosporin antibiotics are 94% and 84%, respectively, while the corresponding rates in Africa are 100% and 50%. G-multidrug-resistant bacteria (resistant to ampicillin, chloramphenicol, and compound sulfamethoxazole) have accounted for 30% in Asia (interquartile ranges from 0.0% to 59.6%) and 75% in Africa (interquartile ranges from 30.0% to 85.4%) [17] . The distribution and drug resistance of pathogenic bacteria in the department may be quite distinct in specific hospitals.
Determining and controlling the source of infection
The definitive diagnosis of pathogens can effectively guide the targeted treatment and improve the cure rate. Prior to the anti-infective treatment, corresponding blood culture specimens and other possible microbial culture specimens (e.g. respiratory secretions, abscess fluid, urine, feces, cerebrospinal fluid, and other possible sources of infectious fluids) should be obtained. The sepsis infection originating from the respiratory system accounts for 52%, while urogenital system, soft tissue, and abdominal infections account for 12%-14% [18] . The focus of infection cannot be rapidly and accurately determined in children because of the limited capabilities of expression and communication in this group. Under such conditions, imaging techniques are primarily used to check the focus of infection [19] . At the same time, the abdomen, armpit, cerebrospinal fluid, intestinal space, and other parts should be immediately checked. The focus of infection should be determined within 6 h of the patient's visit, and appropriate specimens should be obtained. Early control of the source of infection after fluid resuscitation in the early stages of sepsis can effectively improve patient survival. For identified abscesses, necrotic tissues should be promptly debrided and drained, and infected devices (such as catheter-related infections) should be promptly removed, avoiding the use of highrisk medical infection devices.
Anti-infection treatment

Optimal timing
Experimental data on pathogenic bacteria are difficult to obtain from children when they first enter the hospital because of the rapid onset and rapid progress of sepsis. An effective antibacterial drug for early treatment is also difficult to determine. Early, appropriate, and adequate initial empirical anti-infection treatment can prevent the progression of the disease and play an important role in the prognosis of the patient [20] . The doctor should administer empirical antimicrobial therapy as early as possible based on the judgment of the patient's condition combined with their clinical experience. Moreover, doctors should not wait for etiological results and miss the optimal timing for treatment. Once the patient has been diagnosed with sepsis or septic shock, intravenous antibiotics should be administered immediately within 1 h after the specimen is taken. Vascular access and blood collection are more difficult to perform in children than in adults. Thus, prior to the establishment of vascular access, the children should be administered intramuscular or oral antibiotics promptly if they are tolerant [6] . A retrospective study of 2,731 patients with septic shock showed that 79.9% of recovered and discharged patients were related to timely and effective use of antimicrobial agents within the first hour [21] . Early anti-infective therapy can significantly improve survival rate, while delayed anti-infective treatment is a risk factor that increases mortality [22] . Ferrer et al. [23] analyzed the empiric antibiotic use in 17,900 sepsis patients in 165 intensive care units in Europe, the United States, and South America from 2005 to 2010. The results showed that the mortality rate of patients administered with antibacterials within 1 h was 24.6%, while the mortality rate increased with each 1 h delay of antibacterial drug administration, showing a steady growth trend. Administering antibiotics after 6 h resulted in the mortality rate of as high as 33.1%.
Selection of antibiotics
Empirical medication need should be very cautiously dispensed for inconclusive pathogens because of the lack of specificity. Inaccurate judgments may cause unreasonable treatment and increase the risk of mortality of children. Doctors should consider microbiological epidemiological data and pathogen resistance, sensitivity, and other factors of the current, local, hospital, department, and use empirical antimicrobial agents early [24] . Moreover, whether the case is hospital-acquired or out-of-hospital infection should be determined, and the presence of a clear focus of infection should be known. The selected drug should be a wide spectrum of antimicrobial agent that covers possible pathogenic microorganisms (bacterial or fungal) and has good penetration in the likely infected tissue. The pharmacokinetics of the antimicrobials will change significantly during the course of treatment. Hence, close monitoring of blood levels is especially important [25] , and antibiotics should be reasonably adjusted based on drug effects, pharmacokinetics, and liver and kidney function states.
After obtaining drug sensitivity test results and identifying the pathogens, appropriate narrow-spectrum antibacterial drug monotherapy should be selected to achieve targeted treatment in a step-by-step manner.
In the 2012 edition of the International Guidelines for Treatment of Severe Sepsis and Septic Shock in Children,
clindamycin and antitoxin therapy are recommended for patients with resistant hypotensive sepsis shock based on evidence-based grading criteria (level of evidence D). For patients with Clostridium difficile enteritis, intestinal antibiotic therapy is recommended with a high grade A evidence (if tolerated), and oral vancomycin can be chosen for severe conditions [6] .
Joint use of antimicrobial drugs
In empirical anti-infective treatment, doctors often choose two or more antibacterial drugs to be used together to ensure that at least one antibacterial drug is sensitive to pathogens. However, whether the combined use of drug is more reasonable and effective remains controversial. A meta-analysis in 2010 showed that early administration of antibacterial drugs could increase the clinical response rate and survival rate in patients with sepsis [21] . An in vivo study on pigs used cefuroxime (b-lactams) combined with bumycin (aminoglycoside) to treat severe E. coli infection. Compared with cefuroxime alone, the combined group increased the blood's lethality to bacteria and reduced the liver's bacteria. This result did not exclude the impact of difference in the ability of an individual's blood to kill bacteria [26] . However, in 2014, 69 randomized controlled trials were included in one study. The Cochrane systematic reviews reviewed and compared b-lactams + aminoglycosides and b-lactams in the treatment of sepsis among 7,863 subjects. The results showed that the mortality rate and clinical failure rate of single drug were lower than those of the combined group. The single-drug group had reduced renal toxicity. The researchers did not recommend combined use of b-lactam drugs and aminoglycosides for treatment, but such a combination was preferably recommended because of the low quality of evidence included [27] . Based on the above evidence and the complexity of the pathogens, the author believes that the current evidence is not sufficient to prove which therapy is better. Moreover, whether to use combined antibacterial drugs needs to be further confirmed by randomized controlled trials with a higher quality. In principle, single-agent therapy should be used as much as possible, and if necessary, drugs that can play a synergistic role should be selected in combined drugs.
Course of antimicrobial medications
Since empiric anti-infective treatment is conducted when pathogens are undetermined, overuse of antibiotics is often present. After 48-72 h of early sufficient anti-infective therapy, antibacterial drugs should be adjusted based on clinical effects, bacterial culture, and drug sensitivity test results. Narrow-spectrum antibacterial drugs should be dispensed as much as possible to prevent drug-resistant strains, reduce drug toxicity, and reduce medical costs. The current course of treatment for patients with severe sepsis needs in-depth study of antibiotics. Early stoppage of antibacterial drugs can reduce the occurrence of drug resistance, but the possibility of infection recurrence is increased. A long course of treatment will increase the risk of selective resistance [28] . Studies have confirmed that antibacterial agents should be stopped within 6-8 days for patients with severe infections. The course of medication for 7-10 days is reasonable and safe [29] [30] [31] . Proper extension of the course of treatment may be considered in cases of slow response to treatment, unclear infection focus, unsmooth drainage, and immune deficiency. Empiric combined use of antibiotics should not exceed 3-5 days as much as possible. Once drug susceptibility test results are obtained and the pathogen is identified, appropriate narrow-spectrum antibiotic monotherapy should be selected. The treatment regimen is closely observed for 3 days to reliably assess the efficacy of the regimen, during which the regimen should not be altered frequently.
The use of biomarkers to assist in decision-making during the administration of antibiotics has shown good advantages. This practice can guide rational drug use, reduce the use of antibiotics, and is relatively safe. Serum procalcitonin as a biomarker of infection can diagnose early sepsis, determine the severity of illness in children, and roughly identify pathogenic bacteria. Therefore, it can be used as an important indicator of bacterial infection and prognosis. Monitoring serum procalcitonin level can accurately and effectively guide the administration of antibiotics and shorten the course of medication [19, 32, 33] . Huang et al. [34] found that serum levels of procalcitonin in children with sepsis caused by G-bacterial infection were higher than those in G+-infection patients. This result provided a basis for the selection of antimicrobial agents. Oliveira et al. [30] also found that C-reactive protein and anti-procalcitonin could guide the antibacterial treatment of patients with severe sepsis. The median durations of antibiotics dispensed with guidance using the two markers were 6.0 days and 7.0 days, respectively (P=0.06). The physical conditions, clinical symptoms, laboratory test results, and biomarkers of the children should be considered when determining when to stop administering antibiotics.
Conclusion
The antimicrobial drug abuse, increased drug-resistant bacteria, and lack of epidemiological data had resulted in the numerous challenges in the effective and reasonable anti-infective treatment of patients with sepsis, especially for children.
Based on currently available clinical evidence and expertise and experience of physicians, the patient's individual condition combined with 3+1 evidence-based anti-infection treatment model of the local environment is an important concept for the successful rescue of patients with sepsis. Administration of antibacterial drugs and monitoring of drug resistance should be widely implemented in hospitals, regions, and countries. International and domestic hospitals should share epidemiological data. The awareness of clinicians on the rational administration of antibacterial drugs should be enhanced. Evidence-based localization guidelines are recommended for personnel training and education.
